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Nicronulrlenls: 
Cycling, Tesling and 

Ferlllizer Reeommendafions 

bt'ClalnJuntik. Soil Chemikl, iiT^ 

introdDtOM 

This module is the seventh in a aeries of Extcns Son niateriaU 

tlEEJgneil Co p rovidc Extension agents, CerlifieJ Crop Advisers 
(CCAe)h consLEltantSnaniJ p roducera svith pertinent infomvttion 
on nutrient management issues. To make tlie learning 'aclive,' 
and to provide credits to CCAs, a quiz accompanies Ehis motltie. 
Jnziddition, realiiing that Eherear^many other gooil inforination 
sources, indudcng previousfy dE\'dopeil Extension materials, 
books, web siteSn and profeisionals in the tietdn we have proviJtd a 
list ot additional resources anJ contacts for those svanting more in- 
depth information about micronut rients. 

This module covers the follosvir^ Rocky Mountain CCA Nutrient 
Management Competency Areas with the focus on micronutrients: 
Basic concepts of soil fertility, soil test reports and fertilizer 
recommendations, and fertilizer forms and application. 

Obiefijve^ 

After reading this module, the reader should: 
l.I^GW the names of theei^t micronutrients 

2.Under3tand the major nutrient cycling processES that determine 

tJie ava]lab]ljty of niicronutrients in soiL 

3. Know the factors that affect each of these cyclir^ processes 

4.Under3tandhow to dbgnoseand correct micrnnutrient 
drficLcncies 

B.Understandhow to calculate micronutrient fertilizer 
requirements 
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BacKeiAiDil 

MiCh^nub-ctLnU AK t^^ntihl Eo pliint 
gm^vth. ^ttart j"i[i]ull"tJ Inmuiih imiilltr 
JimuuntE thdJi the nuUrOnutriiinCs 
\Niifnenf Munuiflmc'nt Mtf duties 3-fH 
Tht tighl mlLlrunutnenti d/i;: borOn \ti\i 
thluriJc (Cl>. LOiiftr (Cu|, Irun |fV), 
miingiinElt |Mr). molvhJenum (Mof. 
niiikt^l iNi^ iiiul Zinc I^q) Thii iniixA^Uni^t: 
of Eiith miLlrunutfient fur pLintgrtwth'A'da 
OutTlntLLJ i¥\Ni^fnL^fM[lrulilimi!rif Module 
H. HiCYuruitfitntfi M^ uauiiUy nut JLJL^t:^! [n 
fertilizer miXL^h inMoiitdrLiiintl WiHjniinfi 
due lii^nt^riiUy buffkii^titniJCrunutrct^nt 
ivalUHlUylniOiliof thjirtsiOFLHiMtv-ir, 
there are dLxiLiraented tu^eun MDntm;i 
intl W^'Onunfiuf El CI. Cu. F'l^, Mn. iirvJ ".^n 
ikficjencitra In diJJittiwi. t^cdute IhtLrti ]K 
Onlv d (inilt suurct ufthi^s^ Liilirronutricnll 
In Kihl. It H ifxpected thut mltir^^nutrient 
dtLfil:^enel^fhU']fl KrcomtL more Ltimmtin 
with liniLs. dsyttiiilh' if Oi^garuc nutlti 
i:unl]nueiEo Jei:][ne. nu niiinure ]a dpplii^d. 
imil H ra^jorcty of tilt: pl^nl i^ hdrvebteil dni) 
remo^Ytl. 
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-LtmK^liyWj 

liH^t m. tiit^ ^IJT I' x! iLfi^ Jl^i[^41u! bJ cobnut l' jtlunt-^viiil^hk 
'''^'^NLLh:hv^nLiLilttL:rmini^dtak4.'l^ntfdl linUJ 1^97 

(ll»lm «t U)-. II>I>5|£1IXJ S^LTILT^Iy nuttd^lcJ LH l^lih 



Flvb dlht miCronutricnC¥(C"Li, Fi^.Mn, 
Nl, titiJ Znl dre mtrtili, ;inil<ire prLmdnlv 
;]u&Ll]^vl]'Lharg^il lun^ (i;<itiunif in ^lI 
w&ttir, Mtlcali ti!f^ tu btihtivL! iimilarJ^' In 
mjL]. titiJ wiLJ bt! dtkruiit^iJ first. I'Jv lAixr 
thniemicrunifiritints iB, CI.Mul^rMst 
Elthtiris nculril rjrftfgah\tli'i;hdi®riJ 
nyjlucuki in mj|] ^'iiELrtnilvrreJ tuher^ 
Qi "^inLun niLiinjnLitrlutiti'fr [inJwIII be 
l]]|i:ll»ji=!iL jftt^r mtiUili^ 



^(iDutneiil f xllig 

Mt^lsextitthorieQfl'jLirSHTiM fn 
the Mii', mifv^i^. Cji^niL, burttid Abound 
toiOLD.or JiiSGNtd, Tht! ma}urtt^' tjf 
mt[lzl:iin soil ^re bound in mineoh and 
OT^nlL! nidEEt^r (OM^ jnd dre un<i\'ZL[labM 
toplanth SOfttltl LTjetnlartpi-eKent the 
thuxl larsrfctpuul. and :l^t: generally V^^K^' 
Ijuhtl]' bound to kjiI surtictia. -\lthough 
mJntsral, ur^iuc. Jind Wrttld tueCilM art^ 
nut tniraedjiiltlypl^ntavalfjbk thsiy 
Elan bkAvly reltiiiur melzL^ intu st^lutlOh. 
DaSbulwd nuLtdl COnCt^ntr^Doni^ini unuiilly 
vtiii'lu^^", tispticiallyitjOLlpHltivtls ti'p[4:al 
lUr Mtintand and Wj-umtng. 

Tbt: cuDi^cnlriilitinuf pUntii'allahtt 
mttnkcjn tt tistimiiled Vi'ithan 
oisinlLitiilriitlant SLthiiiDTPAiltti 
iDtiil Cuncentriitiun^ uf nwlzli Ln sulL 
Idfittrmintid by txttzjcbng With strong 
atl[dA]iii^gtntrillv orders uf iMgnitudfr 
higher Chan pid-nt iivailabh mtit^h 
[t^W h Mobtrv^Ny. the^\^ablt! F^ 
LiunCEnb'JitJunrepresenla ItHthan Q.!"**] ctf 
the av^riigt tr.i1al Te L:':ini:£:nli'HbGn In soils. 

Tbt: pi"cx:es5^^i thutd^^ttiriiijni the 
amount uf mtL tali it Vailabte in hjluliUrL 
irtipliintuplato lOrptlOFi-UtLiOrptlfln, 
prexriplQtiunAJctiolubGn. minetdl]Z;i1i(_'in/ 
]nimQbibZ4lbonrtrOs[Qn, -indLrop rtmuvil 
iPLgurt I]. 

Iloiit iDMr 

Plants Enh^ up nietali d^ i;<itiuni 
{puiLUWlychtLrgLHJdli^Lvtitl Lijni), Typiiial 

amuuntj ufcrup upl^kkr r<ir^ friim lusi 
Ihlintl.t tbAic ftjr Nl and LutuU.5 Ib^C 
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ItirFe, although lhe»amounC¥ are 

frum £ipprLuLtnidtulyO,5 ppm furNl tt" 
lUU ppm fijr Pi? TndTy plint ttisutr, w|Ch 
LutiiiUurdbli: ^^jnlthltl^' hdKili>n plant 
iptL:|i:i. bytiumpan^n, N L^urW^'ntr^liun^ 
in dry pldnL Ctirut ari! ^ppruiCiniaEirlv 
lU.UUU to^y 000 ppm. Ewn Ihuu^ 
mtrUih 'AT6 nt^d^il in iLibiQnllally 
iiTuJkri:unLi2ntr[il|un» Ihan K, thi^v Hn: 
tibiulLittili ai ntrt^isdtr Sjr ptujxrplint 
funiztrunTtifianJgruw'lh, Abmrptlunoi 
mtfUili bv plhinti li pdi1]<il1)'ik;]unJ^ntun 
Iht i:uni:t:n[n[Lun5 uf uCh^r nuttlLntj. J-'or 
tiJumpJt. h^ 4:unurnlr;itiuni uf (.u. Mn- 
Mli, Nl_uf Zn havt! tttrn fbuntl njcauit 
PciJtifiiJLtrniZKifHavllnyliiL. lUMMinln 
OiUlLtiun. plants ftirhli^J with NO^ l^ve 
ti hi]iht!r LhtitT:e nf iiiuslnt^ Ptr Llt^tkltnclti 
IhanplantsfcrbliZLilwithNII^ duttupl-l 
ilrfftinitK^i Lntht! rujtl^jnK, 

UpUiki: uf tTiLdilj v^rLtr^Cun^fikfUbly 
bt!tw»i*:n iiRjpi, imlt^vn jmungLiLilttvdri 
uf Cht! SQtiienrijp Tur t^AjmpJL. ni: Takt* 
up[ipp^JMm;lttJy4^^*^^ Il!5» i^nlhdn^'inltr 
whiTLit Liid Zn-iJi=!li^Ltrnt ^|l, j*^! Ukui 
upuppn-Alnultly 1>U4h iiKiru i^tilhiin 
wintiirwhtil in Chti satnt slilI Ihathd^ 
btit^n Eirrti]L^iL\vLth Zn ILaktritiktrtdl 
IflflS)- Uf fiw ifTiill gniLns, durum whirat 
appkn^ntlyJi Ihi: muil inipdirti:LJ by Zn 
UtitKltncy btiivil un cLjmparing ihuut dry 
matWr pruducllun frum a caJcanruLi*, Zn 
dutWk'nl ^lI withttur inmt^ il^iI liitljIiZLJ 
^^■lth Zn (Figun: 2). Within thrtt ^rLtrtfti 
ufwtnlLTwhtiiit. iiwr<igi: dei:rv<i^» in Jr^' 
ihout bcumUftidLib! tu ZnikfkritincyrLkn^-d 
fn^m J4"fi tuSl^b di^municrtiting that nut 
all wlWiiECMLlivarS am Cr^tif d L^ifual >^'ltti 
n:ipcL:t Eu Zn lCaknuhi:1 aL IW^K 

A^Lmil^r stuJyun IJ nlfdlfd v^rwti^i 
HjLinJ Ihat plants gnj^^^n un ^^ndutklcnt 
HJils lidddry ihuuC bmnui^) tkiEw^re 
68 tuS5»H>JtAVtr than when llw« ^m& 
MJils wtirt! ^-rtlltfed^vLlh Zn iGniwiil <ind 
\\^|liiim*. lyyyi. TT^ i^umbiniJ r^iuJts 
ihuiv th^iC Zn upLihtr and hrn^LCi^'tty tu ^n- 
db!tWknti4Jthiirc wo'ikpifndt^ntun buth 
Cropand iiLilttvdr, 

DiSHjIv^d mtrtslcilnfentrtfiuni in 
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Figure I.NetBl micronutrient c^'cle. 

hjil wUh vtTy ItwiniLJuntiuf uMcan 
b=! Lo^vrlhan ntiCiri^r^' ^iiJt^tLt^t^ 
pUnlgrtJrtlh. ikmunHftitlf^ Chti 
fmpurbnt^ruf OM in prLiniLitinii mtital 
miL'njnutrLtrnt a^^ildbilLt^ and upLi]^t^ 
(Hdvlini:taL 11»0K WhyiJue^ OM htrJp 
incrt^kr the ^Lubtl|[\' and plant upQJ^t^ 
ufnitQls'' 'LhiilatLLjn' ii tht^ pnjitiii 
where tLdLisuK-ird uj^nii: SLibiliinctr ur 
'izhtUK' |mL^anlnti"t|iw-l|kir"i, binds 
withti hi^IaI cation tu humi a ^uble 
mi^Etil-uj^nii: cumplt^x. Ttus r^^uLli Ln 
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Ftguro 2. Sensitivity to low soil Zn (expressed as 
Zn-delicient dry slioot maftcr/Zn -fertilized diy ^hoot 
matter X 1(10%) (C^makctal., 1998|). 
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InCTiTflSeil ik^rpllun Or Jrsio(ution of 
Ihe mtrtal nation [,\'iitntffit MtimlfJi'm^nt 
MtiJuIc tf %ki^rib^i Ihti pruLtiS inmurt 
ikt[j|l). Sp^L:il1l^AJ|y, cItflcitiunCjin ini:rcdibj 
the sulublt izunt^intrdtlunuCPt bymuri: 
Ihan HK^MLl.u1hl.■^w■lit Ibtrrtwui-ilJ ht 
in)Liftk|4:nt IV jv<iii<iblf iur pLunt upLihtr 
alp] I ltr\'irlintfL]rH iJ-idvlmcTaL. l9Wf. 

fiiMlul. Buth Hr^ hjLinJ nalunilly tn 

mirtt su|l4be4!iiLiii:lbeyire byjrijdikti 

Hi ju fuLinJ in ruuC 'tiJCinLilui' fur^nic 
iubiQnct^s uXiifirliiiJ from ruutifn which 
iidti greatly I riLir^'^^i^ llu av^iliiNiltyuf 
nH^tal) LmnwJitittJ]' aruiinLl plant riJLfti. 
Mana^nH:ntnrtu:l|Ltr»M'hi4:h innreait: 
ur^nlc niatlur jLK:h 'Ai nu-t|ll vi mtitii-ire 
UppltCatLunSn L:<in Lncr^dhr Ihi: Ji^gri't! 
uf c:hi^Lal|un, thereby tncn^aiii^mtrlal 
a^AlJJlNitly. 

nnrfffeoioM/feGiimiini 

MelaliJorbilranelvbtLiausi! they art 

giintrillyiiotillitlviihdryBiJ dnJ motl 
&u[[ burfiii;^:^ ^LLiy. Or^nlc matteir) an^ 
ntfiilawlythars^J.FijreMmpk.ftjUT 
oflhcfiVYiiiKntliilraelaliart puiltjv^lj' 
thiir^LJitpHTS Ift^ utKk-' .Mji= . 
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Figure 3. The eff^^t of soil pH on total foluble Fc 
conce titrations > Actual Fe conccntrntion^ will depend 
OD ttie degree of chelation- 



Ni=-. anJ Jin^-). Copper, which eifsrt 
pr^Uuminanlly Jitht! ntiLitrnl ^ixiclus 
Cu|OHj^^ at pH 7.5 <iln> hai tv^u miiOf 
piiiLtiWlychiirgeJ furmi, Cu' atlJ 
CuOH- whcchbuthiurhitrungly Eu juJt 
)LrrfdCi:i. HnJ IhiirvhyJuirn^ah: L^jlublt: 
I'LLizuni^yntTatiuna MisiLih iorbtuLlays, 
urg^dnii: m^ttiir. UnJ hjilruKiilt^l uf Pt^, Mn, 
and diuminum. MtiLiI mrpttun liiilrtntly 
r^ltittjd liitheiiLitLLintjALliangt^ c<a[\iLit^'Lif 
lh£ ^lI, 

As iJisCuiS^iJ ]n NufriiuW Mofjcii/LW^^ 
Mt^itiid^^, mtjxral ii.irl<ii:t!S bmruntf 
munr mi^tivelychiir^^iJ ^[ hl^htir pH 
makitit^thtrm mun: likely lu bttraLT intl 
kjrb mi=![tili DiA^Kn^iiirumrtnlraliun^of 
nnrtdLi jnr luh^'ust neijr pl-lH furrtr and 
pH y &jf 2n lIui: tu HtungL^r iurptiun titiJ 
lesidlikjkitLundthc^pH.tLSiJiiCLiikiJ 
btrlo^. Dlw tullv prvdnmin^riL:!:! uf kjtli 
ne4irpH B in MunUina und Wyuming. mtit^l 
mlCrOnutriLntS Jirt: lilct^ly Lijrixd ^ttur^y 



*j|fl| litrriRTmirtil flifl Ifcvii 

UD^E^F OfrliiintLni^lfurinKnCilcunLLiliODlp 
thefc^byrtleahinemtLlzltinlo tht: soil 
SulutLOn E'OTKXiirapl^^. Ftl^nJMn 
h^driixitlE^h. Viihut^hai^^ vtry iJunuTiun 
inMJLl.wLTItiihSoKt umJi^r nood^tl 
condlbonidikL tol3t:koft:*i^n ind then 
pKA^ipiatEurHkrdfc-LtrtonditlOnh This 
pTLttsscjujis anils to bei:(-imE:'nirjttlfcLd\ 
or laj-ertd with rdd :ind griiV tijntLi. Tbt: 
mtEt^hydroKidt^saLlart^kk^solubli^iii 
pH Ln^h^hrh' lluirtilt^rt, itlJ Lth^ likt:ly 
thdtnHrlzLikfk:iencit:9 will ^jccuf al lo^' 
pH Itv-elh-UuiilollttidEffntlEnarufpH 
onnuiUl mineal buluhility, solubli^Ft 
COnCElnti'iitiQnStantlElCreJife b>' raoni 
thun a kctDr a lUU k^r ^uch iinit inj^ki^^ie 
inT^ (t Em i( pi-] went upffom5 tu &). 
TdQ] solublt: Pet:onCi=ntr;il]onifc^d[iha 
mirumum ntar pH 75 (Fl^iin: Jj, whltlh 
iiwhy Fe JtrfiLitnLLiei ayt iiitAih mtjit 
COmmt.inun lugtipl-l SulIji Aa pK [lontinuet 
loinLirea:^^^. mttil solubiliti'iiircintuilly 
inLi'L^aatla a^in. 
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Ttbiti^jCun BiA tanuIu1ujilTi!m 

Cropi^ilduei^addi^iJcrSinjCniati^riJ 
(iiKh Ji triiinLirv) anJ ^1 ur^num^ 
^■l|l bf¥LikiLui^ti\\'ith tinie. r^lu^^lr^ 
m^Uili inli^ ^LutLun ind pnxf iiCiiJkiJ 

nilirruut^t^jm^iiLjn^diu up tii^biSn 
rviuLlir^in irnmobillzaliun. As iJiiCLi&i^J 

-f, Ihir firJ^iCivv aniuiintj uf t7iini^r<il]ZAlii.iti 
tiniJ irnrfiubLli^[i1|un\^'l|l ur&nilLpcnJiin 
Hx rbllus Lrf L! lu N ur L! lu P In Ehii urginli^ 
ri.siiJLKr. Gutiurdlly. It's nut belL^wJ that 
mli'njnulrL4:nl nuniiL^nTTEilluns m'III trunlrul 
mlntitnlizaliun rjttft Liav h^mpL-ratLire 
titiiJ \v\,v tn^ iLitLin: will Juirr^^ huth 
mlnt!tti|lzallun iinJ inimubllisuiliunH ^irwc 
buth l^dirl^in drftirtminrubljl gru^^lh n&i. 
Pra^iljCci IhaliiUti ipCuiL Lipn^inLirali^titiun 
mh^j, iurhjiN fertilL^aCmn, ttll^igtr 
Irngtittun, dnd jppliciillonauf m^niinr. 
wuulU lK^>;]£Cti:J tuitKHf^tf IhL r^ltidtf 
uf pldfil-fivull^Lbli^ niLlnlj. 

Bwiin Iiadnii^ 

^1 iirojlGn will i^m\^ ^ lob^ (jf hwkl 
mitfc^inutrKnU rrom (itilil^ Isitiute 
tht mi^UiUiirt hound tijihtly to ioil. 
IndilLlitiiin, ni£ti1 conct^nlr^dont ^K 
^nerdlly tughi^r intlitr upptr horiiums 
Ihiin in the ItA^'^^r horL^oni [nMuntilnit 
rasgnjfx'jngthittffetlt (Hdbv Jixl Sknii, 
1H7H). Thtrtfjit. priiLltLirea Ji^sign^tltu 

fjf nuLtilN ^'Lji L^ro^iijn Lk^Lnsiilinglosh of 
ol iind LiitCil! d5Si-H;];^UL] ■A'3thth;jt ioil 
FDi^V luii: tht: iidikLl Krnt'til of Lmpruving 
watefc-iTL^ily. wliH;hihheiJunur^L-Qtireof 
a FL^^uliilun' iiTxl t^nHrlTOnnK^nlll COnCtLrn, 
EiapeCidllywilhtbeirDpltmEinlatconaltrKil 
MiiumLjn DdLly LoaJi iTMl^Lii. TMDLt 
Will bt! di^cuhfetl lnA'u?FTdn/>/ti7M/^'mL'>^ 
?4oiIu/{} i^i lALdLtungih gi^ni^r^tly ncjta 
tiuruieh^nwiCh mtiEiih h^LiiiUH! thtrv »jrb^ 
smjngly. 

lilt iniOrL nut: fQnutnenth ar^ buFon 
[SI, thlQ*-[tk{CtJrinJmolybJenLjn |Mo]. 



CtLinJMug^n£!ttLfl]L'Iinas[]nJon»m 

i\.A\, wEmrt^i Q^nernllyL'Xiili Jid ncin- 

ijhirSLidiUiJtLfH^tUj'), thuLigh itLTintiin 
cLi dtiaruuntit highi^r pHh 
Tht tfiinslljrmtitLuns 
thlttlhir anion 
mitnjnuirLtrnlJ LimkrSJ 
^FL! jJtiilldrtolhi: 
mi^Eal mlcnjtiutncnb 
w|[h kumc majiJr 
tiXiiL^pCujns J^irgiilydutf 
tuLihdtgt^ diff^r^nctrft 
Pi>rtWniplt,niind 
b h£L\c l3 tiitiihhi^ier 
iLhtrlihuul uf luuihlng 
than Ihe nitrtali tuULiW 
thty ire nut puiJttwIy 
Ch^ir^d, ;ind du not 
S^jrb t^<ulll>' liii:1<iy 
[ur1|cli^5. Jn HilLlltlun, 
thtr vait nujoritj' vi CJ 
in M-il ti dVtLlltibk Hjr 
pUnt Liptdk. b LTJCliti 
pn mainly In mimircili 
in kuil, )s:t II rvlaliv^ly 
mortr aviiJlLibltj Ihan ttur 
mi^Iiil micnjoutntnl*, 
Pifidlly, Muii ^LinJ 
pnminlyin mfmirciFlor 
ii kurtvJ strongly tu luil 
iurl^t!!. Tht PdCtur j that 
^E^cl mincmiLZdtkjn, 
Unniubili^Efllon anJ 
SrOJlunof thtrhr tiniun 
mitrunLitrLtrnliiire Iht | 

ilinit! d) thOHT Jj^LIitfil 

ibuw for Ibt mt^Uil mlirnjniTtrLtntS. 

h.jji ^ -^- 

ChlorldtLiSjbkjrtsidbi^pliinhlhruLj^h 
bL^ mutE and leiive^. LfpUktr (Mn Ik 
d^^crejttrJ bj' hj^hLuntentratLOni ofelthtr 
tJ[J_,orSU^- hkElyduc ttjt:oiTi[tt]tlon 
fornt^tcvElvLhdjgi^d lOni dt tht root 
hurfiii^d. EkifOn upCikt; ea 9uppre&9E^ bf 
liig;hJi%ull.ib*lHyofelthtrCiuf K Luw 
bml Liiuc-^tmtL aL^dtl4:nLa9tr9 IE Li])tdkt duii 
to JtcreiiitLJ IE dllfLi^lon ^j^ tiiiniix^t 
toroot^, Tht LiptdkuufMoiM IfiCfc-^^di^id 
b>' 1^ NUj , iInd^^. JmdikLFtsdj^il by 
Cu. Mn. tJI-l^ .-indSU^-. PUnCtciiLje 



WbyntU«nililetfd 

iitiNi ilail lUsot 
tenerAlb km 0.1-1% 

ritWluroioaiiMl 
Wat ■MtonDtTkiili? 

Thtr tiiitintllion bttv^'ctln 
mUL^roLinJ n^jcrc^nutrknti 
|]d& in thtr plninl ITL^L^^^ nt 
typ^C^l plnlrlironi^trntriitjtinih 
a.] haJ^ IxdnfuunJ loLl^iuSir 
dtrfk:it^Klt!honlywlitrn tlSbL£ 
com^trnljiltjon^ Ikll belo^- 
UMH^ppm orn.l^i.wl-uchi^ 
tx,iiW duncit^nlrdhoni ntrtlihiJ 
by thtr raacfc^nuOknti, I'ht 
Oth^fc" mitrunutrmnt^Jirt all 
ntliLL^trd in bn^dlltrr dJUQunli 
than Hi, kiin iijmt: wiiybj 
tl forms tht houndafc^' 
Uitvi'trdn mit:rijnutriL^nt^Jinil 
mULlronutrii^nth^ 
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concenhiificini tyidcally fiij^ from !eii 
than 1 pptn &irMo. it tuitit ppm fbrb ianJ 
Ol^ihiulVfurCJ. LsckufOhaibttrn 
fuLiml tuC3UK lift^Lu ntfCrcsis {JnJji;<ituil by 
Itiaf ipullin^f in wmHr whc^al anJ JiirLini 
^■healjnMuntdnd (S^!!^^! trtil l^jyai 
Kn^-ltrtjl„ [JtlUll.ahnJM^il^^Jt^nClel 
hiiw b^trn wry ipjruUiUillyLJijLur^mili^iJTn 
thi) rugLLjn, pnm^irtlv in jlf^LlfiLn 

Iniuiibniitiiii^froniiiEiT] 

Only trulLJimuuntiOf CI burb tuscnL 
iurfectirtaLiMrfiCI tuteitj-yai'-djlablc 
imd niubilti in ^lI Thiinilbi^. CL i^ prOhu 
loli^iithing-ttpeLijIlyin dj'iiaiwith hea^'y 
prti^ipiCitiQn Or irfc"iiliit]QrL Uutun tdn iOrh 
lolhiitLJ^h of numtr dlay^amJ Pi^ and 
Al h}'drDUL]L:N.\^'][h maximum sorption 
0CL:Lirh~Lng fiLM pM a {Kch^nHfid SinghSLii, 
Ml5f Thttt^^jrt. I]ni[ng504b4:ani;auttr 
ii lismpJi'ajy ti dtfk:]E:ntiy{l'^iitltr3attal. 
^UU2f. bECiiukrnKiitB t^Xi^tsahUntrUlTill, 
ornon-thir^J.moktiuluitpUkwh 
Ivl^j^' iipprOXimdOlly^, itib hvlatiwly 
ilvalUNt; ar¥] mublltr al pH It^v^lb typ\^\ ^jf 
MunLinj dmj VVjuLiiLna 50]li. MulybpLknum 
ij IhfcL iBiiitiil'ajIdble uftht: thitLtr anjunic 
mlLironutFientK. iTi^xitl^ In 50]L -Kjlution 
P*"Lm;iri]y Jt Ml^Oj-" Imolyhtldk] -iniJ 
hil-i N]mLlar LhardClt^nitiLh UK pho^phi^tt: 

mtdnjn^][ aurb^ slrun^ly Ju Ft dnd Al 
hitlKiXiL]t:9. Hulyhddttik^ijrptujn Increii^^ 
jt higher pH, ^nd Cumhined w]thlhtr xe^y 
Ilm'Mo fes[mt'L:Lntnts of pLinU (ttisutr 
tLlm^enlriitiLiniare ntar 1 ppm). t^Xplalnb 
why Mo Jcttctm^jt^iirt nut(!uniniun 
In IhiL^nt^r^llyhigh pH 50]b lunJ ]n 
MunUnii anJ W^unicng. 

Inoii ?TTft:trjaNi fflul ftstifmnn 

ALlhuu^ chlOriijt! mFn^rall Ar^ nut 
vt^tyciimnKin in ilmL miTi^mJ chLurtde i:^n 

cKLit in juJb Ji aul Libit ^k» iULihai C^L'I^ 
uf MgCJj. Uuruitlicdtt tTirndrdli an^ tht 
nuin JS niintjr<ih in >j|l&. TbfJt^ minLTjU 
illiiuLvt^ wry iliM'l)', t^ specially In tht^ llxjI, 
iirl J r^glunft fuLiniL in niusl uf MunUina unJ 
W^uni]n& <I^lL:Liiiiijnil Lead muly4]U^tb! 4irc 
Ihe twiimimrrtils btlii^wJ lununlriJ Mo 



b<j1h miixixili ]i ri:li[r\T;lyi:i:intKintbt|tAv 
pJJ 7.7, dnd thtin itKrua^^ i[Liichly abuvti 
tht^pH, 

}Mm A9«cling 
Micionilrjeni Jli^ibDUy 

/U dlscaas^J jlrrj^y. Ihe fiw mtitil 
miCruniTtriLnti plub Jl txnumc ItiS 
^v^llablb! Hi pH incrt^ici. M^Jytxknimi 
L:xhlbLl)[ht!uppujiteef&el, ^vLlhinrr^Kd 
av^lliibllLtyaEhlghtirpH. CldvalltibLllty-ii 
JnJi^p^trJtintuf pH. PiSLluriirthLT thin pH 
thai nf^iJt niti:runLitrib!ntci^'[iiLdbilit>'anr 

H[^ C:N urg^ncLi mat^iiLiI ur rvilduui 
iian^uit! Cudthcltincyilmj biiiptaki: by 

micrujrgiinnm*, surjfliun, isnJ inhilMtiiU 
ruutiU:wkjpni^nlr liLorlycau^d by low 
iav^llablb! NL'^nLTnlraliunf, SatiJ]' lofli 
g^niTHlly lidw a hi^htrr lik^lihuul ufCii 
jLiliiiitjncy thdn litiur-t^xtuml kjthn 

llON 

MuitTt JL^ficifnOit!lcMurf3n 
iialcdrLiuLii. h^ pH M-il j. In add i [tun, 
jxirluJi of iaturdliun in pjorly^riiEtJ 
MUlli Lidnutihanub! Kt: dLlViutiL.^, pui^Lbly 
Jlv li-t 1^ JiKcd nuCricnt abiurphuti unitr 
thtjv i:unJitiun&. J'^t di^rinit^mry ii aLu;! muf^ 
i^ummun Ljn auils Ilw jn UM, tiipi^crally 
whdrt Jand kwlinshai mtiiuwd the upper 
ur^nii: nL'Ei luils and bixpjs^d izaLCcirtiuLii 
iLibioil, CJvJaturi in OM witl It^maw J*"!: 
avui lability, 

/liUlLllun of OMi;an Innri'dSt: Jv^^llLib[e 
Mn, althuugh iu|l& natLinilLy hJ^h Jn 
UM iumetimt* ahuw" Mn JL^fimtmrltis. 
Thla apEwriintdLStrrtpjni:]' lidiit^ tutht! 
rtlattvt! jvaLliibtl|[\'uf MnlnrtLtrnCly 
adduiL ur^niL nmtinJmuntitrumptin^tilO 
uldur mabTiali^^'hcn: dtiirumpfi^Lliun hki 
slufi'Lid cuniJdtirdbly. Drj'w^thirrintrtiisys 
Mn JtfiL:itnL~y Itki^ly Jut tupnrcfpitdtiun 
ufunav^ailabLt^ MnuXLilt^i ^tura&J 
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Althu^hlLlllt! L^wMt&ndbuut f[iLtur& 
tifftictlj^ Ni tLViiJL4ila|lty tciiauv Jt Eui unly 
n-L:tjntlyl]!f37) he^n^iikkd tulhtr JlituE 
uj^-nliaLtrJL^nKnli, Ltudti ht: dtJiinhrJ Ihdt 
the f;ii:turi dift 4:11 nglhedvulLiibllltyuEUw 
uthirr nitrtAkdl^Eif&i^t Nl Hv^Lil^ibilLty. 

M 

Zn lulubilit^'iLLib! tuirlwltitlun^inil 
m1nt!tti|i£dllLJn. but jI wrp EiJghJLvt^b, can 
■JuCr^^ Zndv-dlldblllt)' Jmr lu^rpllun 
titrJ prti^Lpiti[LLjni.if L>f&inLi:-Zn sulld*. Pur 
tiXimplt- i^n J^finLtrmzvcanixinLir in peat 
HJils dut tuthe^ ^LunJ t>i'u ri:dCtJuni, 
UlgliiiuniitintrEillunsijf ai'Eilliibit ^|l H 
havv bCLrnHjLinJ li>4!auii: ZniL^IWit^nnri-i 
in Ixjth )Li^r b^^ti dnd %lvy tean^ in ti]^ 
ImwrYirlltAvstontr Rtvtir ViiUey llldlvur^un 
tiniJ btirfinun, l^J}. 

AppllCAt]Cinii>f UMLnavaie? 

upQ]^ lila!LyL]i.K tu hulh nhtrJ^itiun and 
mltit^ttili/dliun. Tine 6vt\i r^Qlti^nJ 
rirlLj^^ Is huniff IhanCuarK ^th. Suth 
hi^h in K mdy Lrwn^aic b ilLlVit^nLlci, 
tiLthiJLit^h tlK n^dMjn ^jrthlJ tiElticI n 
Linkntjivn4H:ivlLn^tii|., l^i^\, IticuldLliunr 
Urut^htC^ndiCLoni Ldn LrKrvai^ ii 
dutkurncl^), llJ^Ly JiW to &lijpvt±r Jjffu^Lun, 

Ct JtrJ^kriLiLii Iti^luntjn^idntl 
Wyi:it|iir^i;<in be atlnbutbidHj Lmli^n^jus 
mils ht!Lr^\4:rj'JtAv in C\ Wwi^, llttit t"l 
htirntf lUrpiiiLitJ Irum tbt atniuspbtTir, 
titliJ untti rL:i:tjntly, limibjtl [ipp|Li:a[LL>nuf 
l^jtd^hlKCJi. UlsaliurLiiuIlJykaiihciJ, 
titrJ LlikfiuJtfWlt^s hdw UrL'tiubhrrwd m 
ared) rL'urj^ing high pruLiplLitiun timing 
the ftill dml^vini^r tnunth^ (t^^ng^l tit jIm 
]t^yB). WhiTdt ifid lim-uni ir^ the linly 
Crupi in Munbna thathavv hod CunlinTigd 



SuilshiahinPe/AltMtjJtswiiriorh 
Mo^trun^lv, retlut^mgMaJivUlUhKty. 
Miglvr iLttIa uf 
pliiiJiihatt: inertase Mu 
av^f^taEit^^bCA^duh^P 
and Mudn^ :^ KlLTiil^r 
thitPwilli^Qmrett for 
the iiimt: sorpliun ^[lti 
ais Mu, Ktaullun^ InMu 
d^sorptiunh 



if yuur ftilduf irrup 
15 dtitkleni mone irf 
the mJcrunutrLeni*, 
ind IhereJiini, [f 
mlcrLinutrLtnl 
|vrttlL£<it|un^'uuld 
bt t^FeCtelJ tureiqll 

VlJLitil lymptumidft 
uritn Liled tu Jlt^ndSt! 
nuIntn[dLfii::t:nLre^ us 
dIsCtiiivJ ir\j\utni.*r}t 

Ufttn, EiLJwtiwr pJtinti 
mflyeKptneneti 'hiddtin 
hunger' nitininji they 
^FL! dtjIWlt^nt Jrid niitrit^nt. 
but ^lujrt' ni^ visual 
ijlui:^. tnaddLtiun. nuny 
of Iht! rTiLi:ri>nLitrit!nt 
tItfieLeniiKi luuk ^imiUr, 
maktr^bj^tin^jjE^II ur 
plaint tits Lie tiis^nliaL for 
dtittiTTiLnLr^ If i n!5pjn« 
tua mLerunutriynt 
|x^rLtli2t;rhlLka±|>grnulH 

Sou ^im\^ MR 

^lnampllngWdh 
dt^scnbiidmjVu^rfLlr]/ 



QM-'Z 



ttloMlitikti 

ro ilelerminf llial 
Nl VII etienllal lor 
plODl giuuth? 

'fiJiiEltermtnetrtltLntidlLly 

t]^^ lockmrjn&tk^te Ihal 
tht: foil \ik c)xk ufd pl^tii 
Ciinnut bd i^uiupltled 
wlthuLit tliiit ElkratrnL 
JhtseidXperimKnt^iirt 
genth^dlly 4^unJu(lteiJ jn 
wiltr t:untl] nj ng the 
kn^jh^'nt^bulnCjHil tlt:Lutnt3. 
beiiduie kjd contdini i^^ny 
utht:i't=LtiniiintErhi;ik1hg 
tTit ntjiljfy nsi^ly LmpOiaihK 
til ptLA^zL m jolI alone. It'b 
dcffkult Hi tH-irapkttrly 
fct^raiw the n]jCri.inuU^ltLnU 
&4.iniii nub'itlnt bululit^ndilt 
tti EmpunCjeb in th^u: lidded 
LiutrL4inlidnddLi£ to tl~u: 
pre Se ntie irf lUjCfc^inutrLenU 
tnthti ME^t:d. Djdduti: the 
tTilerunublEintMn the 
Mtletl. pldLil^ nuy need tube 
tk^n^plankddndgKLM'n for 
HevtLriil ^reirdtiun^ before a 
nlerunutrlt:ntth;it]inet^d^il 
In SDCh iLUdll diiiuuntb iK 
iMHipletelyTil^uludidlruni 
tht: Ny^ti^m, dndtiienl]dljt\' 



T 
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co1ki:t^d^tli^yan2iJt!ll\vri.-J to a laboratory 
furltitin^. MlirrunnlrL^nt Jv^<iiJ<ibi]Lty|n 
«j|lJ i» liritcJ with a i'Eiriyti'ufmythuJs, 
4i!thui.0i iLniiy ttits hdw IxTLumy nKifti 
^UiniLiriL ttunijlhi.Tf, In J^untjru, mL^lnJi 
arc Ij'piiTially mtuiuredwilhiJiirlhyltirelr 
ifltninLpirtcaiiitrtii: sliJ iLHI^M, <i nht^UlLH" 
ikiigmrij luL'Xlrjiil Ihir multniiiJJly 
4ivalJ<iMt^ mt!lii]k^l}fti!n, UrJ'Aii biifki^d 
^'ith IrL^lhdJxJamLnir iTEAl tu tTitiinQltia 
pi I nyjrH, tti^auit pJI ijin SriatlyaffrLt 
nnrtdl ^lubLl|[\' as piiinHl] out^arii^r. 
I'hlufiLlt^ ti nie4iiiinfil indwdtur t^xtrdi:!, 
4inJ n hulwiiti^r t^JHrdiiliun Ji the niuil 
typjcal &jr ft. fiirrenli}'. Ihirn: li norxili^ibli^ 
iu|lti!itJljrMu(HdvlltiL![aL, ]!iMM), btit 
iigjiin, Muikl^K'ncy jS gL^rmnally nut a 
cunct^m in MunQna amJ WyufnifE- 

Sull tbiitrciuLb shuglJ Ix: ■Jumfiiin.'J 
M'llh minrunutntntliTtilLitrgLiiiJL^intJ 
furyijLir stdtt t^uLiklifWi tLjr Montana brt 
shifA'n in Tiibit! !i, KA^p \n mitrJ that thirw: 
lire gi^iiJ^Lint»;ikL:tiLi>ni un mmrunuln^nt 



Table 2. MianDlri^nlltrdlizpr 
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FruniFtrtlJtz^jrCulJtHi^iforMijnliiniiCriiNpJ-EB It I 
Ua4^utiktint>l^.r~2UUJ». 



ftirtiUKiUCjnihuuJdiJtiftnilunlcniJA'Ititlge 
uffeTrLft^-Th nisixjnws tu tTiLnrunLitratint 
furhtJZiiliun in llv JuL;il tLma. In jdJitiun, 
ai [XJinti^iJuLLteLirlL^r. furtiliz^r ^uluhilltici 
anJ Jbrrni tnay ^rtilty tifftiirt Ihi: amuiinl 
ufltrtili^^tr rwiTiJtitL Qj ptuJuizt! jgruivth 

fViun't^yuf liOl pTixLLict^r luiL UinipluS 
Jn MuntdRd HjLinJ Ihal J-'t ftirtillaalJun 
wlmjLJ he rL!LUt|inuniU!ili>n fl% uEihe 
Hj|]i anJ /n lijrt|1i^ahLitiWLiuJJ bt! 
rtizummtitrJtiilLin lK"Ci ufthti suit* ba^d 
und-irrtnl Monti na It rtLliierguLJi^ lints 
(HibytindSimi. 1979" JacubMrnttdl 
3UU^^ Al] urtht^ ti:^ti:il ^i|h haJaUunudte 
iuwis urt'u^inil Kn, ^uils^t1hdiJ^i]Ui3tu 
Znwtirt! n!|ah\'irlyi:urH;t!ntr[iti;ii. Fur 
uXiimplb!, [Ildinen Phillip^. KudStiwIt, 
^J Vcillt^)' Ciiunh^s in Munland hjU mi 
&<implb!j ti=!itjn^ luw &jr?n. LuuntiLiss^'lth 
at kait-^%L>l thi:lr ifimpkiiitjlK^tLintin 
Zn irwktitiJ JJig Hurn, Carton, KdlJon. 
J-ini. Muatt^lshi^lL. HichlaniJ, and ^hJIwati^r 
|Muntinii).Wrththtt!X4:t!pttunLifll|ll. 
tltftf iZuLinhtri an^ l^irgiily liAidtt^d in 
The luwyr VtilluA'ilujv V^llt^y, wbLTt in 
JiifiiiitfWitis indgrwih nisffinSiritc 
Znfcrttliiatiun haw bttin pn=vLogsl>' 
JucLinxrniciJ fHaK'Ljrstjn ind llurumtiii. 
]waJ)-Tht! study 11^^ its that It rfuy 
prtjit worthwhllt^ tuttist Itir Zndn hihIi 
luTfibd jni:^ntrdLaniJcLL5tb!m Muntand, 
but Uloily ItiS wurth^'hilt^ un iuiJi IcAratvd 
Jn nurthtrn dml nurlJvaittrn Montai^ 
KLit^P in tTiimL thiitb^itir^unly indicabri a 
nLitrltintdyfititKni^yr and iian only pnitifctci 
prubdNlLtyufafcrtiliiiTrt!S|xjnit. TlimaSo; 
ctifCiln thit tiudtitiCLtrniritidreiJCCumr^ 
on^ li^id uFintt^njit, d ^rrull StiiTtlun irf 
tlw IWIdL.antvlr^tb!iL^vL(hdmiXeJ 
mlCrOnutriLnt luliitjun, inddtiydtfltriincei 
Jn yltrJddtid plaint h^^alth nutiiJn 

An EiLti^rnaliw toSLnl lusting ii to 

iamplb! plan) In^ut: b^r niKroniitrlunti, 
and izomiury tht^ ttisuir LLin':»intrdtluns 
lua iLiflxNb!ni-7 rtir^i: Ibra partiCuLar 
cnjp. FuryJtampk. Hivlin^tal. (IW*1 
r^purt^i iLiffiLlLiniiy rdn^ fur sm^ill 
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graaniof l5-7i) ppm ZnCj:>nUineiJln 
thi: fijLirupiitrTmjst Itiivtifri-itn thu 
tupufthi^ plunt In MonUina. Mllh Ihc 
t!JU:t^ptlonu£l'l (Kngtl, ]!iMi). Ibirrt art 
nL>|HibLi&hi:iJ furtillXt^r n^c<inirmnJal|un» 
for a SntiCifii: nnirnjnLitrLtrnl liiiLiti &«. 
Dut: tulhc v;irLdb|li1^'\vLthin;i plant, and 
thi: \\LrLiil^li1^'\vLthin;igruivLrB; it^^n 
(lit^ll, L't^t^t^l, tlijinr ti!5l|nghk^5di:i:t^pt^tl 
than kJil iHmpllr^ ^jriLLlirrminir^ 

n:djurub]e tuul tu]ikn[LfyiLtjlVit^tKli:iH 

MJcronntrkBlFrrtiliziliMi 

Hit runiitrit! at Jy ^ It m: iti dre 
rckljvvly umnjmniun in lln: ^n^at HlaLnn 
huh\1■^vf. tlu^ru drt artis within this 
n:ajOnwhtrt rnTcnjnutntnlJtfKitncliis 
hiivetjChur hti^nubi^nviluf h^^tr hti^n 
lujpticbrd. A number Lpf ^tLxlitii have 
tij^SKil IhcirffiTiits ijfnmirunLitTit^nl 
li^rtlll^lJutiin thiTK QFL'^Li, jnJgtTM'lh 
rv^punStiS w^i^ iL^lurmimriJ jn ^unhr but 
nutiillufthtritr ilmiliri Ift^ Si.il ti ul Ihir it 
ilqJlci lulLuw. 

□tftCLunCj^^LifBlnalPdlPdhli^vlx^n 
Tdtntlfied in WtittrnMunttinti ((Jrdhiim, 
lysi). CunvtirStly, stvuJlt^s tumJiKluii in 
Ihir WL^ili^rnTVJtingltr fLcJgcr Montana l 
un Eil^lfd founJ nu ai^nltxCiint gruhvth 
ii:yjxjnSb!S tub &rti|L2atL<>ntjvt^nunii Hiil 
with J iijJlKiiBufijnh'y.^L ppnifJitfciLin 
anJHLlkr. lyysi. A itvuiy uf:)J ntus inthu 
thrtt priiin^r piuvinCt^S uf CanaJa fLMimJ 
nLn:urrvlii[Li>n ttt^vt^nlht r*:1iiliw yi^\\i 
ufcamJii St^iiil unJ hutw^ltr-L'iitrtiLrtjblir ti 
(Guh [inJ Hammijnu*, L'^H^!;l. [nddJittL^n 
foliar, brLHiJujJt, inil LmrurE^-iftJtLL'n'jf ll dt 
four III thcit iitt!? prudiiirciJ n^l ^LgnlliL^Ant 
j'kJiL LiiLTL^dhrft. UnJ a iignilk'LintyicJil 
Juirrt^aiir ati-ini' uElhtu 4Ltt» Ihiit haJunly 
U5 ppm watyr-iulubltr U, rix tiumrlLiMunirf 
thi: ituiiywiiillut r^^punitilublvrttliUr 
uni LiloiLyniri: un CanddlUn prtiiriL! SuJb, 



fable 3, {Oed oi (I itrlfiinli»n »n 
leal ml trvml); >if Id. and itoet [1 
fuiutntraQoa m VrBS^t ininn. 



Ub/aci 

□ 

40 



6 



Ub.'aci 

3615 



540 
55:^0 



inltfrvfll 

lnilial loil CI was 0£ toO.T ppm in Ihr upper 3 frEl. 
FmaEngflElaL^OOl. 



AiGtlnearPoplaj", Montana thzjt had 
ana^iLrJigLr of U.h4 ppm tJI in Chi^ lipjxf 3 
tt^twan l^rttlmrJ ■A'lth dnd 4U Ib^jiitt: CI 
(iij KCI^ anit plan1t^JwLlhdmuni^hi.^a1 
iWUflMtl. ITtl ClfcrbtiSiirtlei^rtaSctlsi^ 
St\"*inly fnjraST^HiJu&Pt inlhtrlliigliiaf, 
andint!re;iit:dyiiilJ^'^L!i(j ClkblBU). 
Prtvlouh ^"Orb on Winter whtat found 
th;itt!rJi]nj"ttldLncreiiMLLi Ifi^ft whtn!!" 
lb CI/il4rnLWdJ dppllt:d [0^ mA [lunlainlng 
|.Ti!pn>XEhi;i1i:Ly 1.5 ppm CL In IhiL upper? 
fteUlilngtrlt^tiil b^MnbuthUudiei. 
K.SO^ will ilppl ltd db the tlitrck treatrntint 
tomdkti^L^rtiLn thdt KwiH nOtL-iuain^ 
the yit^ld [n^nidte. RealJC!^ frum bluJie^ 
unbothwinEnr^ndspTlDgwheiit hu^^it 
atfc-ltiLlilplilnt tnSutiCl4riJni:enlTJit]Qn 
b^Eri^en lr4HH»:inLl4.UUUnpni1l>:n^Jiil 
al. L49T+f ItwattklemintdthitauilCl 
plubli^ktills^r U NhuLildteht£twt:enU5 
and Jii Ib/dC tu FL^iii;h theur minimum 
and mdXlmLjmt:riljCjl COnCtntritiun^. 
Chloride hinalki hit: n found loprtv^nt 
plantd[-^ejjit;i AU^Jh^ii ruuE rut and aput 
blotch [nNDi^lgriunJ^inNorthDakoEii 
(Hdvtin tt il- bW*J. 



A Hudy OffKLmiEE^d Jit the Wtrhtirj-n 

IVuinglfc: Agrn:ulluril Hestsanih CtnOir 
Ln ConrJid. Munlan^, una aOilwith h'A 
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F^ure 4. The effect of Fe fertJIizalion on €om yield 
in ahighpH. low Fe ^oil for both chlorosis -tolerani: 
and non-tolBraal hybrids ^modifud from StevEns et 
al.p 2001). 



Cre^tPlurn!^. i! specially incurnaru] 

ltrgLiTut:9 griM'nunhigh pH, CiilCJirtLuiJi 

'[ntehtLanalt:hloriiJSi', wluch mtlilns tliiit 
the lisLRis rt^malngrtsdn, ittlht lEJ^t:i 
betw'ctn thy itLiniirt ^^Ikw. NutFient 
dt;fx:jerwy bymplonibdrtL ilu^Kabed in muii: 

9. A sludy Dn a iil-l 
ti_h suLlw]Eh^i( iijim 
DTHAFeintJ^bra^ka 
aiietntd Uu eUiii:l of 
Ft fcrl3liZirs un iw^tt 
CDrnvii^ldi for both 
thluro^n-tukrint jnJ 



tfit SKd) ^^'tl5 able to CM^rtf jmt mortoflhe 

ilJffi^r^ni:t! tvtwttinhybriiJi. althuieh inilJ 
Jt^L-ru^Kil nt the hi^htrit P^ Inrdtmtint (JU 
IbPtf^LiJ. likely diKlu a &[ilt^fliji:t. ^imiLur 
yl^lJiwt^re ubtdim^d uiin^uith^r j \\i\ii\il 
JV iLiij]trniLunurdry(irQnLiki. 

Dry heiinigruivn in thy Luhver 
^L!]|i:>hVitutib! VdikyofMunQju hdw bt:t^n 
not^d liihavu Zndc^'lLnCit^j, u^p'^iritLlI]' 
wliangrcwn In iuiJ with hJ^h aWiiliiblt! P 
cuni:b!ntnitiutih. l^illtircLnJ niql jppllcatiuni 
uf Znw^rt applLedtuanltrJgtittd silt^' 
t\Ai Iccattid in thb! vulky (rud^r IsldtUy, 
Montsna) that had urta&rthtin 6\S ppm 
MlttistPanJIt^silhan l.l] ppniDTPA 
Zn. Avt^rdgi^ grdin yitilJ uiH^rci Ihriit! ^ar 
jKHCiJ was ItiLTua^d byappruxlnuttily 
3UU!b^L:^^-ithafL>|i<ir;innlic<itiunuf 1 lb 
ZnAcas ZfiKU,. iinJ b^ iipluTOOlb^ 
wJi^n soil wai ftrtlHaid with /nEUTA (j 
uhL^ldicd fijrm uf inf at5 lb i^nAic iP^iirt! 
^K Tht! ri^ii^n.hLTi LuticLudtid Ihala yield 
rt^punie Wiis highJ]' prubdblt^ un iuilj 
With >!15 ppm mil &« P anj < L5 ppm 
IfTPAZn-TLiuvLirtumt! 2n dEficrenfJtis, 
tltfyreL'umm^nd^d usin^ ZnKO Idut Id 
i:usl}iriCht!r tisay,5Vi sulLitional L'Ulu 



I™ 

E 
^«0 



S 31}4] - 



Thtr study luimd llul 
the Jv-iLnigt ykld tjf 
lole rd nt hy t»rid i wi* i 
Jipproxiraiiltlj' iix- 
(bldhjghtr thin lit: 
yield of rKjn-tolcrdnl 
hybrciJi rrom IWT- 
lW9<pLguKL:4]. In 
iidd]tLOn, Ft: FirrlilLZi^r 
Hat^^dln^trdnnu-^ 
li^iHLibtt lolhsiildt 
JimJ ^ imihti beltAV 



P 2M - — 



Fob-^ 


2hS04 


aiSD4 


3iMH3 


SiEUTA 


aiEEJTA 


{llta 


Oflb 


SaFutJEin 


(IDti 


(Ifta 


(^b 


3^jbc) 


3l^c) 


{10 lb 


Znfle) 


Zh/ac) 


2hAiflJ 
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Figure 5. Increase in ^ield due Id Zn fertilization 
on alow Zn (<K2 ppm)^ high P (^60 ppm) soil in 
MontiiiQ Mala from Kalvoraon and Bargmann 1963). 
ZoMNS i^ a zinc, manganese, nitrogenn and sulfur 
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aO g^lkc fori Ibto^.^ralliJn or Of Lb 
Zn^i; bmtiilcisJtorLhCorpuns&JbL-fotT 

hct^iLlr^, Uak^J un tlw liPhi' mubllityuE 
Zn, biiniLirq!;iniliL|i>ji:t ^tid dppljCAllLitii 
ihuLilil t^ cffcLttvt^ jn(}l|c<i1|ijnnitfthLK]&. 
ASlbZnacsttirturJvrttliitrr pltuTLiiJ i 
Itli^Eit^J tulhi: ftiiJt! dnd !] irwlw) tvlUpV 

tippnKlmiilt^ly ]l!"6 mar J'lwtlL W^^Jming 
(BLuyLutJ^, lyy^l Jn [iiJJiCLon, [Eu iLimiigt^ 
rtru^nU^"! Lrfharwstiril btiin i^cJ wufli 
14.7"b JLr thtrnhi^irh tKdlniL^nl anJ H.H^ 
Itirt|w5 IbZrVturlnriilniEntH 

Pt^rtlltj^itK^^ luiimy sanJ In CuUjrdid^> 
dul hdJ Juiv ;iVL]Llabltr In ti},Aii ppm] 
with J ppm Zn irwrtaiciJ cum yi^l"J by 
tLpptn.H|nuh^Ly4 -^tU"ij Jt^funiLlr^unthi: 
HjtmufZnfcrtiliarrfWtistftiiktilM L'CmL}. 
The ftirtlll&Ti with hi^litrriiunirtintriihuni 
ofwaHr-wjIublt! Zn (ZnSO^. ZnEDTA. anJ 
ticLjmbineiJ ^n!ju^-pa]]t^rwaitt^j rLniilti^iJ 
itiii^nifKdntly h^r^ii^Uith^Ltitlw 
liAWitw;LHr-M>lublt! Znft![till^T(Zn 
lULTdb:). Thtjrtjfbfi., if^rllli/ir^^'^Llh 
Zn, triiiki: iZL^rltiin lutrumparL! priii: per 



^Unanblenl rtitilizHs 

MiLircinutrat^htftrtiliatriiiregLinKralfy 
hul^ptn^d bl^T:^tl^L■^ li^iuiJibliiirJlppliCaburUs 
urdry pi\>Ji_u:t fuTiippllCatLuntutlat: 50]l. 
Fctliiir dppliCatiurUi are often mOivelftLbt'c 
Islrp^iunJof m]t!f(_inutrient fxLlaute a 
l-ugbifr ptrCfcinlagt erf the appljtld nulnt^nt 
l5gt:nefc^y;ibkjftt:tl by tJ^ plant Dut^ tti 
tl3tr CGitof LTiLijngand ti-antpurbnglti^uiLlir 
liLM'Kvdr (blur Jipplci^atlonh arti more 
CJtptniiW per pound ofmltirunulncntj 
IhtreJrjn:, the tlt:c]Skin rt: girding 
whetl3i:r to puL\:ha:s^^ (ulur Ofc' dry prudui^t 
lijrmuJatiLjna ViiiU gi^FW rally be driwn bj' 
tliiKL ofappfjkljjljrjnand KCOtkimlCi. 

Table 4 IIMis cummtin miiironuUsenl 
ferhliatrriindEhi^ perci^nlagt^ of 
mltLrunuTTitrntlntrachh^rHlLffif, Chelated 
ftjfmt of mi^Uil nuCrunulTLentt, lULlh 
U ZnEDTA ire gtntifc^lly mm:h mtjrt 
HpEnltW than non-chilattLl fijimt, butaKe 
alw LULKihmtire tiHtcbv'e ptr Ibtif Zn dh 
hho^vninFagLirt^i.lni^hQOiliieafertilLair, 
IzigftthoStSwlthmEidium-hjEhhOlubilcliids, 



Table i. Sfmf tionnfii maeiilifriiT [« rlBiztr lomet 

Ifioomdncn! T«i1fliifrruiiiiE MiQuet Rnnafia Soluliflily * roiiltmi^Mi 



+ « 



Bc3n3ii 


Bonu: 
Boiic acid 


]Ja HO IQH O 


Low 
F^dium 


II 
511 


Clilondr 


Potajsiuiu ChlDndc 


KCl 


High 


47 


Capper 


Copper irulfile 


CtlSO^ ^H,0 


MEdiom 


"5 


lion 


ImiLcualElE 
InmEDTA 


FeSO 7HO 
VaiiM 


Tedium 

High 


311 
5-14 


MangaiLfiSE 


Mftn^pninnB 50]fnl& 


MnSO 4-HO 

F S 


High 


25 



ZiDC 



ZlDC EDlfdlE 

ZincEDTft 






MEdinm 



6-14 



Um\ <5]bprcilui:t/iafi\bwa.iPiMeil\\i{a\5^V ItvlOO !b water. H^; >5Ulb/lUD lbwater(CPHA, 
"Tht rangu of mniEuiiutilvntirunttnt ^ £I^TA fL^miiirt tawJ uncuniinu;! I]qiijd6jrni& Jbr tin: ]uv 
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Hcoiannca kifOiiii caaJiriiiiiii 

Dele tminjn^ the atnountuf 
mlLlrunutfitnt ivrhliii^r luipplyis vtrj' 
^Lmiliir [odtttLrmirJnglhii jmuuntof N 
tek-bl[zeh-[0.ipply^PLh^!i1ubr hfiEuLJUlditi 

jijufc-txptsrliinct. Or Still test Jala tiomtdnEJ 
wIlhrtkLiirth-hattLlftriilhatrguriklindi if? 
ilelemiine the pLiimil^of nuLlrunutntntto 
iidd p^racrt:. In in']^ULl dreat >:^Mi:>nC±n;i 
imd Wyoming. ImgaERinw^lfir ihoulJ bt 
It^AlnJ inJ Iht i^^ull^conh]Jert:il M^twi 
miLlrunutnent ivrliliZi^rt jrt prrrw^nktl. 
Ttua ]N p;irl]CuLirly Lmpurt^inE ^ trn^lt^il 
rield^ uNing rtL-uud mlurn fkj^s. StLLunJ 
i:hooie^lJ^h:Ll]24irb;itt^Llun^\Qi1ahi1ily^[J 
thttiriti^rliiOutllntJdtpCivt Thjrti, caltiulJitu 
the Ji^KtlilZiir fetimrement btiitidonthe 
peri^enl'dgi^ lif mjCrt^nutrkntfruni 'liiN^ 4. 
&^ CalLuliihun bi^ hjr.inij!tdnipled 



Smmm 

Mitrijnutni^nt^ilhinuliihieiSElntJ^ 
to plant gn>^'lh Chan the mziCrOnLiIritnll; 
Ihty ar^^ aimply ne^^tkd in inialldr 
imounts. The metal mlclfonutf lenth are 
belt! tlTungk' ti>"the sal, eipeti^illyatpK 
kttLli abovti 7. 1'ht^niOnmiclfQnLEtrlentl 
dTl lie-ltf ItSS strun^lyl with the ^^iutlptiun 
of Mo. Iltftj^^nciet of mltlronulrienll 
iSiiitt in Montana iml Wj-tjmjng, althuLj^h 
thtir cjccuminct: IS rtlaliv-iilj' fc-aiii, 
HdwtvE^F, lnart:abwhidhVhiit;ronLjtr!^ht 
ilcfiLiientlE^a txicur. theaHh^ytO]d^^ntl^i■ 
1hese4kl]L:ltinClt:5 tiLthervlsuiilNi^vlth 
iuJ tt! sting, tirwith plant tiasue lestmg]h 
jTtLlfciaMiryttitletefc'mlnt if mLiriijnuti'itlnt 
ftfc-bbzenar^^ ntltUetl. 1ht mtiil common 
mitlfQnutntnttkfiiln^nCitt in Mtmland 
inJ Wytimifig are tsiliiiWtItu te bowjn^ 
Llhltji'ltlt:, Irunantl zlnC.MjCrunulnent 
ilefiLiienCitia Ciin liSuallv he tA'eh^come 
with frrtiliztrs, although dtltlitions tif 
oi^nLL: niLiCQir ^uLh at manuii: will 
OJfa^n iRCf^iiJcL mlclKQnutnentiivaclabLlLtV. 
Due lulht puur LHQhilitvuf mosl 
mitlronutntnta. pUctiLTient n^^ar tht: si^tJ, 
follir appliLatiunis, and u^Lr^'iJh^^ldttltl' 
mitrronutr rents liavt phjvtn mmt 
^LKictsiftil at prOtlLting gro^vth responitis. 



taliulatjoit Bt\ 

Calculcition: Zn fertiliser Jo apply = Znrecommi?n{latioiVZn fraction in fertilizer 



Esamplci The Zn soil tesEia(}.4ppm. From Tabic 2 orEB Iblntlic Znfertiliaer 
recommendation ]& 5 [b Zn /ac. How inucji Zn au[t^le (ZnSO^-H^O) is needed to meet 
this reccnin^endzition? 



From Table 4, thepercenl^e of Zn in Zn sulfate is36%. Expressed as a fradiorLl^'s^ = 

Amount of Zn sulfate needed = [5 lb Zn^c)/(K3ti = lilb/acZn sulfate. For compariaonj 

how much liquid ZnEDTAwith 6% Zn would be needed? Answer: 84 Ib/dC 



T 
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mil R.W.-^iJVH 'J4Jmp^rLir>-nutrH^nCLk^lULi4±ru.-^ 

Anjil.31 [B57-1H61. 

Uli^-lcKlk. \, iiVb inipTtA'\^^iky An^^Ul 

prukLULtiimivntll ^tiirkr^i^FUli^ur^ Jc 4ln:dl 

lyyfc. DcnvtrLU p.JUl-lJLJ 

Ciikfn^Lk. I . B 'EbrUFi. S EiTtinoglu, L, Ozturk. 
l-Lndi^EiJiiLF M- KibyCh, R lik^-LiJ^LJ 
A- YLlnuj- 199H. MurpbihluglLitJ ^nd 
phjMi^lrj^ul diffi^rrJlLLMn tilt reitk^rwcof 
k:£Lru]> hh ^Cl: Lk6L:iL;i^L->--LbptrL>tjLj-]^l? 
349-:i57 

ll^R-^_ -JDdLJ WLriL4:ml^rtil4;^i:rl-|jnilhiiuk ^'^ 
EtlitJrm. ItlknliiL: l^blkiiJlcr. llK. UtlDvllk. 

Ui L;hlL-F;LV JtrLli^L^ni l^^rtilci^LF r^^m 

MunLiina StdLL LlpEVCT^ily |E>:h:jl^ion ifcrvlc^t^, 

Ensi|.RE..PL HrLubit^rniiJ J EtifchulT 

1^^ CnLlLJ ti^uc LL-nN-LntrLiUuriLiiiJ 
h-hluniV: n^^Udn^ m^ n Ls TuF whiL jL Huit !^l 

l^n^l.K.LJ.IfrUL^bcild^F.^ncJTJ l\nlur€. 

WbHHlDLinjiH.tiudiJ_tnv_Ain. J-6&. 
14W1454 

P£ii^ri;t.N.K,V.Caaligir..3nJ|tB Lbd^ 
^4^lXL Mikii^jnuLni^cL^ iD iirup ItruJuttjun 
AkV-ihA©uiL77-18S-:3tiS 

(i^ih. I'EJ.tUlJk.lL (UriUDiiULa !!4^l^. l^puTUiL 
[)f whuut and (:£UloLi Id Llupi^rLirid Qorun iri 

Ihl: (.^LiilkjduFl priUFK TC^UHl (j FL'jt fldlTlA 

^il riiFtilh^ l\>nrc rvDO^Prutt^ilLngF; 

M^ivh 5-6. IJUtf-? DdFmjrCO.p :4l]-a7. 

CfjIuiti.I^R Lb«4-.,MyriiJtrtlli^cr 
n:^uinmL^nLliLLh[i^ by pLnL^nj^^^is /t] 
MitnLniLiAj^^L^MrarkJi, Vul. I ^EmnglEiVU |] 

CnJWnl.ECl^.urulJt U^LlLiitns l\^\} Alfalfa 
tJ: ni J Ly ptiMlif^ r in tllkilr dbhli^ LNUHlL!r^Ct 
a^ntJ^fiLitnti- Knit. Sod. 214 HUB 



miL:r^[iutrH:ntLj4jtHhn!^ inMuntunj v^cL'r 
FlunLiru \^i.illLUrJ KAfK^rmit fi t ^tm^ljun. 
buLk tin 7(11^ 

lluLvOr!K]ll.Ai:i iindJ^V tlL:T^mLU^ Lb«:t Zin^ 
li.'rlLld!Ji[rcinufLJFy b(^jFi^i>n iioii^Jiigh In 
45VdiLblL- fil^u&pPi-jrUa M4tTiCjUU.'^ii:Liltur4Al 
l^pi^nnii^nt SLiLii^n. BiKcclTlan. MrmLiru. anil 
NuFlhi^Fn I'liiin^ ^jlI dn J ^Vd[^ Jti^^ciirth 
CtntL^r I'SOA-.^ti Sidney, Hontjnu. 
bttikLin75]. 

IWtiFlJ.U.JU Hcdtjil.SL ■n-Jafi^.andW.I-. 
NtlNjn. l*9_tii-tir^LrljlLtyjnJI'"\irUliiert- 

K^T. Ni- 4yy p, 

FLi^pamL ufM:lLLLi;L]ipri[lgh^-hi;j1.tiIlLL JUrLim 
vdrH!iii.'{% Wi-^liim IVbingli: Kt^tiTi-Fi Ciini^^r 
1^5 Annual t4i^pi>rt. L^^nradMonLuna. 

JtM:h^fi,(; ^naJ.MiJkr. IIMI EilT4iuL47rBi>i^ 
Ftrtiltf^tlunonjUMru PnjJUtrbijFi (MT-UF), 
hi Weslirrn IrLint^i; .^^ RL^jJ^artft Ctfltr 
Ani^ud Kt^puiL, IftiiPHn Lbnrad, MufibifiLi. 

JflL-i>b?n:n, J . l: Jniiloun.iindL' Joii«l'U1Ki- 
fbrblLLLF lluaikLai:^ IitrMLmtiUlj Cntp& 
Montiru.^^LUJtuTiil t^xpcnmtinLJSUCjun. 
buifiimiin Murit£iiia EH 181, 

LinJhiy. ^VX 19^. L'h4Jmu:cil lE^LiiLibrui In 
^hik WiLLV-]DtL:r^ii:DL^4: Juhn Vp'jJl^ Ji ^JlU, 
tV^' Ujrk, 44y Ph 

SbvL:n5.E5,i;.|-kr^r[,jnJ] F^lcr^L^h.^M 
SlrLiL:^sb>T I ni prcjvin^ niiiiiCLi y 14: Idiiun 
h^pH^UjI^. Wi^^km NutriL:DLMiil]A^mtDE 
C(]llftn:nci: KnHLiltidijl^tol 4 MurL.lltt-9, 

^(JUI ^tLiki2CLt^>,Ltih.p,IU7-lL9. 

UhlJ J. Murl^t^Jt :^4hUl . Or^EifliL tiOJ 
imtrgdllc: iJ] fL-rtili£i!rS. lu Ititr^v AVtil labilhly. 

Wii^sit^rn NutrjL-nt E^nna^nitntt^tircT^nLid 
I^^L^J.n^VL'l 4 M.ux.hfj-9,:jfl0l.feklt 
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Inu 

MM rs Ftrtdlarr Handbook H'" f Lmion 

!?Q4r^ CulnaiiEnjiA ['Lot Hi^dltEi .^s&uCk^Liun. 
IhtftfiEKUPubll£t«r(nc-[>uivdUi^ 
lIlErWL^. [(55 p |hH]^ ■^^".^^Vllal^■llJki:iJm/ 
wHlEmrcrblbiL^fhh.blFnj 5^^ in^ludjUti 
^iiippin^ 

Plzint NuLtLfii^ M;tDual J.ihnljn JijFh:5jF. 

p. AppnJbfl];i[^l>> 15U- 

SailRitili£y:mdRrttlinrff, G^KEtjon.LL 

HnHintLjl lyyH llpr^rbtikUlLHi^TF NJ-_ 
Ph:mn-i^ IklL^Hyp. ,\pprtJJiimiitLly UUO, 

AvfiQabtlity OJ Mlcronutrlfnt CsitloaH in 
HontLci^L ^oilB liullttiH 7Db l^tl^£^ 

l^ttLlLStCuidfLLnff EwMont^ln^Crop^.til] 

NutWeat ^bnlL^CmCni ModulCE 1l-9> 
AlJ Lin.' 47ll-lillLr m E^L>F Jbrmat ill htllJ' 

mUHbi.hunl 

Ubtmun tlh: iibi»v^ iLHti^Juirjn injtLFhib ^duJJ SI 
t>r^tlippin^ from: 

M:^[JliJib:n£HJii rubLK^Cjuib 
P-U- BihX 1 7204Q 
&ji£tmjn.WTFy717-;!(l4U 

inruFmidijuiL 



Pt' ■■■'■" 

JtldaDn, Grant. IVjItiWir Wt-'^hrn 'tV^H^ 

Jacob^Gi], JeFr. iLHLi^n^iun Sihlt^lk^nLiiL 
llonLinu St£]k Iijiivl-i^lLv. BcKcclHiUI. {iV^t 

Jones, CJ^kuip bull Chcmii^L Mn^ritEinLiJ^liib: 

UO^AitiVrBBtEiLiD L4'i^iy^^n7»i 

U'C strait, Jfal. errjfLAur.WL-^Lini-^gFKUIlkfr^ 
i{cv^n.hCr^nlc-rLVjn-d|!A l4Ue)^I^rJ^. 
vUCcLHLtlii'CFliJ n LiAjI^U 

Wichman.Cbve. .^bsucfalt Pr^rtbsuT <.\nlnll 
\t;nLUlmriil t<^EhLtiJ\b CLCikr. lHlix.i-tibfca 
|4l?fiJ4!?J-E4l!l Jwit:hm*uif^mLifltiinii_cdu 

tor It. 

Aiirutuun^m^u^ ufiuiLEi^riLttrit^nl 
Lkfic:TtnL:y^niptDin{T, k'sUr^ mmimum 

thn^bullh. An J TCitU'nTTienlA urbLAlt-TLip^. 

Juvk^lLppjUL n L 

^■a[[Lf1.flkHI-LhlJHMjnl 

J<tsp<7n!jc{^ i»E c:nj])!i L[7 rriiLn>n uLri4^ ric 

EinJPijod. 

hltni^J^inv liBSLL-nlral i:ihm^mc:tfcmLy^ 
i;^Mm.r.jnulJ-i..nLh-il^lM^lJll 

L J^L urni |U r^nu lr^\z^ I ri: rli II^ rS ^^1h 
Ajlubl IfcLv {ilkl m ik: rul] U Itil:!] L ujnl^nL 
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M »■»■ rn^ ti ? u IB [^ t li [liiaim »1 lar noD-piDEft «]ijuioi d [»i pob£t Tula ■!}« m hi k m ii^bB icvk^Ieo n ad Bn [kvip#»1 etI 4 ctwrn Bf dd pfsd- 
un t^iicBHi c[inpE4iyL b~B^3i ImtJ^ii ffi r> H e^j 3[^i^^ 7i^]Mi gi^i V] t?E4J4ia' njiilti If NCU EOF^HDn f^piJce ~Fb ^^? 1iB^^ ctcnj men h 
In «k}c1 cfi k] u'm mi p^r^liilcfi m.i1b&i^gniT{Mn Iib ^^"^n lIq^ Co- m un Icolcfi i Cc<]|{C^:l=l:4 C^m m . nic^^iMi : EL^nicec, 4lBCubemoi h4 

rytniWlfiSCTlE UllWill1V-9a£Binili BffiB^M >d^9»7i7 [^DfiJ 9U-2721 £-B^I - pu^lJlQlm «m Ql ■« ilHiJ. 
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Ktu Bd In t rtPfMCB si [=]Q3Bf flIiE E =VniicK var^ In ngicj Mjr? «d h mn p Ef ^ino" m ^[n [ji ^i^iy B ^ n ^i n e an ^?1J In coiipBi bt« 

vJ^i tIB Lis CJep^rmi^i I LiL /^laiilti IB, L£r^^Lurl tllBta UCB FTDflU U10 £U MIHH, E^bfllilW EB« lii:^ rAll LU A G^W Llilu&in^ 
LT™.i>MJElwcr| HHIWTlEll-PyTT W717_ 




